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)LJXUH6HQVRUPDWUL[IRUVLJQDOHYDOXDWLRQ>@7KHPDLQJDVFRQFHQWUDWLRQV+DUHFDOFXODWHGIURP
WKHVHQVRUVLJQDOV8VDQGWKHFURVVIXQFWLRQDOLWLHV1DUHJDVFRQFHQWUDWLRQVIURPSUHYLRXVLWHUDWLRQVWHS
7KHIODJVIDUHIRUWKHVZLWFKRQRIWKHFURVVVHQVLWLYLWLHV7KH³/´UHIHUVWRIXUWKHUJDVGHSHQGHQFH
6HQVRUV 

2QHSUHVXSSRVHVWKXVWKHFRQFHQWUDWLRQVRIWKHRWKHUJDVVHVIRUWKHFDOFXODWLRQRIWKHPDLQJDVDV
NQRZQ7KLVLVSRVVLEOHLIRQHDFFRPSOLVKHVWKHPHWKRGLWHUDWLYHLHRQHWDNHVIRUHDFKFRPSXWDWLRQ
VWHSWKHFRQFHQWUDWLRQRIFURVVJDVHVFDOFXODWHGLQWKHSUHYLRXVVWHS$IWHUIHZFRPSXWDWLRQVWHSVWKH
FRQFHQWUDWLRQRI DOO JDVHV LQYROYHGFDQEHGHWHUPLQHGZLWK VXIILFLHQW DFFXUDF\ ,IPDQ\ VHQVRUV DUH
DYDLODEOH ZKLFK DUH PDLQ VHQVLWLYH WR WKH VDPH JDV WKHQ WKH GDWD IXVLRQ LV FDUULHG RXW LQ WKH
FRPSRQHQWIRUSODXVLELOLW\FKHFN,IQRFRQFHQWUDWLRQFDQEHGHWHUPLQHGIRUDÄFURVVJDV³RIDVHQVRU
EHFDXVH QR VHQVRU PDLQ VHQVLWLYH IRU WKLV JDV LV SUHVHQW LQ WKH DUUD\ WKHQ WKH UHVSHFWLYH FURVV
VHQVLWLYLW\WHUPLQWKHHYDOXDWLRQURXWLQHLVVZLWFKHGRIIE\WKHZHLJKWLQJIWDNHVWKHYDOXH
,WH[LVWVIRUHDFKJDVDPDLQVHQVLWLYLW\+ZKLFKXVHVRQO\WKHVLJQDOVRIWKHVHQVRUVPDLQVHQVLWLYH
IRUWKLVJDV)XUWKHUPRUHWKHUHLVIRUHDFKJDVWKHUHWRVZLWFKDEOHDGGLWLRQDOWHUPV1E\PHDQVRIDIODJ
IZKLFKXVHWKHUHVXOWRIWKHSUHYLRXVLWHUDWLRQVWHSRIWKHUHVSHFWLYHJDVFURVVVHQVLWLYHVHQVRUV,QWKH
ILUVWLWHUDWLRQVWHSRQO\WKHPDLQVHQVLWLYLWLHVDUHWDNHQLQWRDFFRXQWVLQFHWKHUHDUHQ
W\HWFRQFHQWUDWLRQ
YDOXHVRIWKHJDVVHVIRUZKLFKWKHUHVSHFWLYHVHQVRULVFURVVVHQVLWLYH:LWKHYHU\IXUWKHULWHUDWLRQVWHS
WKHFRQFHQWUDWLRQYDOXHVDUHFRUUHFWHGE\WKHLQIOXHQFHRIWKHRWKHUJDVVHVRQWKHVHQVRU7KLVKDSSHQV
XQWLOWKHFDOFXODWHGYDOXHZLWKLQDWROHUDQFHLQWHUYDOLVVWDEOH
,I WKH IXQFWLRQDOLW\ RI WKH FURVVVHQVLWLYLW\ 1 FRQVLVWV VLPSO\ RI WKH PXOWLSOLFDWLRQ RI WKH JDV
FRQFHQWUDWLRQZLWKDFRQVWDQWNWKHQWKHFRPSXWDWLRQIRUNFRQYHUJHVDIWHUDIHZLWHUDWLRQVWHSV
7KHWDVNRIWKHSODXVLELOLW\FKHFNLVWKHH[DPLQDWLRQRIWKHFRPSOLDQFHZLWKWKHFRQYHUJHQFHFULWHULD
$VDFRQWUROLQVWUXPHQWWKHIODJVDUHDYDLODEOHZLWKZKLFKWKHDGGLWLRQDOWHUPVFDQEHZHLJKWHGRUEH
VZLWFKHGRII$QDGYDQWDJHRIWKLVPHWKRGLVWKHIDFWWKDWWKHLQGLYLGXDOURZVRIWKHHYDOXDWLRQPDWUL[
FDQEHSURYLGHGE\WKHUHVSHFWLYHVHQVRUPDQXIDFWXUHUVLQGHSHQGHQWO\RIHDFKRWKHUVLQFHWKHVLJQDOV
RIWKHFURVVVHQVLWLYHVHQVRUVGRQRWFRPHGLUHFWO\LQWRWKHURZV
,WLVMXVWDVSRVVLEOHWRHQWHUIRULQGLYLGXDOVHQVRUVDFKDUDFWHULVWLFFXUYHIXQFWLRQRUDVLPSOHQHXUDO
QHWZRUN+HQFHLWIROORZVWKDWWKHFRQMXQFWLRQVHH)LJPXVWQRWEHQHFHVVDULO\DGGLWLYHLQWKH
VLPSOHVWFDVHKRZHYHUDGGLWLRQRUVXEWUDFWLRQ)RUZHLJKWLQJSXUSRVHVWKHIODJIFDQWDNHDOVRRWKHU
YDOXHVWKDQRU
7KHSUHVHQWHGDQDO\VLVFRQFHSWZDVXVHGIRUWKHVLPXODWLRQRIDQDUUD\RIILYHVHQVRUVWRGHWHUPLQH
JDVFRQFHQWUDWLRQRI&+1++&2DQG&+2+)RUWKHPDWUL[PHWKRGWKHVHQVRUVDUHGHVFULEHG
E\VXLWDEOHPDWKHPDWLFDOPRGHOVZLWKZKLFKWKHSDUDPHWHUVDUHGHWHUPLQHGIRUWKHPDWUL[URZV
7KHV\VWHPLVFRQFHLYHGRQO\IRUWKHVWHDG\VWDWHRSHUDWLRQDOEHKDYLRXURIWKHVHQVRUVWKHUHIRUHWKH
VWDUWLQJFRQGLWLRQVDIIHFWRQO\WKHFRQYHUJHQFHVLQFHWKHVROXWLRQLVFRQVWDQWIRUDOOWLPHVDQGWKXVWKH
VWDUWLQJVLWXDWLRQGRHVQRWKDYHLQIOXHQFHRQLW$OVRWKHLQIOXHQFLQJYDULDEOHVVXFKDVWKHGULIWDQGWKH
HUUDWLFFKDQJHRI WKHVHQVLWLYLW\GRQRWKDYH LQIOXHQFHVLQFH WKHV\VWHPLVRSHUDWHG LQ WKHVWDWLRQDU\
FDVH,IPRGHOVDUHDYDLODEOHIRUWKHGHVFULSWLRQRIWKHWHPSHUDWXUHDQGSUHVVXUHGHSHQGHQFHWKHQWKHVH
FDQEHLQWHJUDWHGLQWRWKHPDWUL[URZVRIWKHVHQVRUV
0RGHOOLQJRIVHQVRUFKDUDFWHULVWLFFXUYHIRUVHPLFRQGXFWRUJDVVHQVRUV
0HWDOR[LGH VHPLFRQGXFWRU JDV VHQVRUV DUH VXLWDEOH IRU WKH GHWHFWLRQ RI R[LGLVLQJ DQG UHGXFLQJ
JDVHVVLQFHWKH\UHDFWWRWKHLUSUHVHQFHZLWKDPHDVXUDEOHFKDQJHRIWKHLUHOHFWULFDOFRQGXFWLYLW\>@
%\PRGHOOLQJWKHUHDFWLRQRIWKHJDVVHQVRUVWRWKHPHDVXUDQGVLVGHVFULEHG
6HQVRUV 

7\SLFDOO\ VHPLFRQGXFWRU JDV VHQVRUV UHDFW WR GLIIHUHQW JDVHV 7KHUHIRUH DV D VHQVRU VLJQDO WKH
UHODWLYHFRQGXFWLYLW\6FLVXVHG>@,WFRUUHVSRQGVWRWKHUHVLVWDQFHYDOXHRIWKHVHQVRUXQGHUJDV
LQIOXHQFHUHODWHGWRWKHVHQVRUUHVLVWDQFHLQSXUHDWPRVSKHUH
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 
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ZKHUH * LV WKH EDVHOLQH FRQGXFWDQFH LH LQ WKH SUHVHQFH RI FOHDQ DLU DQG *J WKH VWHDG\VWDWH
FRQGXFWDQFHRIWKHVHQVRULQWKHSUHVHQFHRIDJLYHQJDVRUJDVPL[WXUH7KHIXQFWLRQDSSOLHVRQO\
DWDFRQVWDQWWHPSHUDWXUH7RIWKHVHQVRUVXUIDFH7KHUHDFWLRQRIJDVVHQVRUVWRWKHPHDVXUHGJDVVHV
FDQEHGHVFULEHGE\GLIIHUHQWPRGHOVZKLFKPRVWO\LQGLFDWHDSRZHUODZIRUWKHLQWHUUHODWLRQEHWZHHQ
SDUWLDOSUHVVXUHDQGVHQVRUFRQGXFWDQFH:HH[DPLQHGGLIIHUHQWDYDLODEOHPRGHOVHYDOXDWHGWKHVHDQG
GHYHORSHGDQHZPRGHO)RUWKHVHPLFRQGXFWRUJDVVHQVRU&OLIIRUG>@GHULYHGIURPH[SHULPHQWDO
UHVXOWV DQ HPSLULFDO IRUPXOD ZKLFK GHVFULEHV WKH VHQVRU UHVLVWDQFH DV IXQFWLRQ RI VHYHUDO JDV
FRQFHQWUDWLRQV7KLVPRGHOLVGHVFULEHGE\WKHSRZHUIXQFWLRQ(T
 E FEF6   
ZKHUHEDQGEDUHWKHFRHIILFLHQWV7KHVHQVRUUHODWLYHFRQGXFWLYLW\FDQEHGHILQHGDVDIXQFWLRQZKLFK
GHVFULEHV WKH VHQVRU UHVSRQVH E\ YDULRXV JDV FRQFHQWUDWLRQV $FFRUGLQJO\ WKH JDV VHQVRU UHODWLYH
FRQGXFWLYLW\IRUWRZJDVHVRI&+DQG1+FDQEHH[SUHVVHGDV
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
ZKHUH E E E DQG E DUH WKH FRHIILFLHQWV FP DQG FD DUH WKH JDV FRQFHQWUDWLRQV RI &+ DQG 1+
UHVSHFWLYHO\7KHFRQFHQWUDWLRQRIFURVVJDV1+LVDFDOFXODWHGVXEMHFWWRWKHPDLQVHQVLWLYLW\RIWKH
JDVVHQVRULQRXUFDVHVXEMHFWWRWKHPDLQ&+VHQVLWLYLW\
0DGRXDQG0RUULVRQ>@HPSOR\H[WHQVLYHWKHRUHWLFDOFRQVLGHUDWLRQVFRQFHUQLQJWKHLQIOXHQFHRI
WKH VHQVRU FRQGXFWLYLW\ E\ R[\JHQ DQG UHGXFLQJ JDVHV $W RSHUDWLQJ WHPSHUDWXUH WKH UHVLVWDQFH RI
VHPLFRQGXFWRU JDV VHQVRUV IROORZV DOVR GHSHQGHQW XSRQ JDV FRQFHQWUDWLRQ LQ WKH HQYLURQPHQW DLU D
SRZHUODZDVVKRZQLQ(T>@
 EFEF6    
)RUWZRJDVHVRI&+DQG1+WKHPRGHOLVJLYHQE\
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FEFEF6 DP  
:H GHYHORSHG D ORJDULWKPLF PRGHO RI JDV VHQVRU UHVSRQVH XVLQJ D UHODWLRQVKLS EHWZHHQ VHQVRU
FRQGXFWDQFHDQGJDVFRQFHQWUDWLRQVLQDPL[WXUH7KHVHQVRUUHODWLYHFRQGXFWLYLW\FDQEHH[SUHVVHGDV
 OQ  FEDF6  
6HQVRUV 

ZKHUHDDQGEDUHWKHFRHIILFLHQWVDQGWKHFRQVWDQWLVXVHGIRUWKHGHILQLQJRIWKHVHQVRUUHVSRQVHDW
WKH JDV FRQFHQWUDWLRQ RI  SSP LH LQ WKH SUHVHQFH RI FOHDQ DLU (T  VKRZV WKDW WKH VHQVRU
UHVLVWDQFH RU UHODWLYH FRQGXFWLYLW\ LV SURSRUWLRQDO WR WKH ORJDULWKPRI WKH FRQFHQWUDWLRQF )RU D JDV
PL[WXUHRI&+DQG1+WKHPL[WXUHJDVFKDUDFWHULVWLFHTXDWLRQLVWKHQDVIROORZV
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
ZKHUH D D E DQG E DUH WKH FRHIILFLHQWV $SSO\LQJ PDQ\ JDV VHQVRUV ZKLFK VKRZ GLIIHUHQW
FKDUDFWHULVWLFVWKHJDVFRQFHQWUDWLRQVLQDJDVPL[WXUHFDQEHHYDOXDWHG7KHJDVVHQVRUVXVHGLQWKH
SUHVHQW VWXG\ ZHUH ILYH VHPLFRQGXFWRU JDV VHQVRUV 7KH VHQVRUV ZHUHPRGHOOHG ZLWK WKH GHVFULEHG
PRGHOVDERYHPHQWLRQHG

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E FKSSP
       
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6F
F FKSSP 
)LJXUH5HODWLRQVKLSEHWZHHQHVWLPDWHGYDOXHVDQGPHDVXUHGGDWDIRUDJDVPL[WXUHRI&+DQG+
XVLQJ D WKH PRGHO RI &OLIIRUG E WKH PRGHO RI 0RUULVRQ DQG F WKH ORJDULWKPLF PRGHO 7KH
ORJDULWKPLFPRGHOVXSSOLHVEHWWHUUHVXOWVFRPSDUHGZLWKWKHPRGHOVRI&OLIIRUGDQG0RUULVRQ6FWKH
VHQVRUUHODWLYHFRQGXFWLYLW\FKDQGFPJDVFRQFHQWUDWLRQVRI&+DQG+
6HQVRUV 

)LJV D E DQG F VKRZ WKH FRUUHODWLRQEHWZHHQ WKHPHDVXUHGDQGHVWLPDWHGGDWD IRU WKHJDV
PL[WXUHRI&+DQG+ IRUDJDV VHQVRUXVLQJ WKHPRGHOVRI&OLIIRUG0RUULVRQDQG WKH ORJDULWKPLF
PRGHO UHVSHFWLYHO\0HDVXUHGYDOXHVDUHVKRZQE\WKHV\PEROVDQGWKHDSSUR[LPDWLRQ LVVKRZQE\
WKHVROLGOLQH7KHVROLGOLQHDSSUR[LPDWLRQVFRQQHFWLQJWKHH[SHULPHQWDOGDWDZHUHREWDLQHGIURP(TV
DQGXVLQJDOHDVWVTXDUHVPHWKRG
$FRPSDULVRQRI WKHHVWLPDWLRQV LQ)LJVD E DQG F VKRZV WKDW WKHPRGHOVRI&OLIIRUGDQG
0RUULVRQ GHOLYHUHG JRRG DSSUR[LPDWLRQV IRU JDV FRQFHQWUDWLRQV IURP  WR  SSPZKHUHDV WKH
ORJDULWKPLFPRGHOGHOLYHUHGDOVRJRRGDFFXUDF\EXWIRUWKHFRPSOHWHJDVFRQFHQWUDWLRQUDQJHIURPWR
 SSP 7KHUHIRUH WKLV PRGHO ZDV XVHG IRU WKH PRGHOOLQJ RI WKH ILYH VHQVRU DUUD\ 7KH JDV
FRQFHQWUDWLRQVRIWKHJDVHVLQYROYHGDUHFRPSXWHGZLWKWKHPDWUL[PHWKRGIURPWKHVLJQDOVRIWKHILYH
VHQVRUDUUD\WKHUHIRUH(TFDQEHWUDQVSRVHGLQWRDFRQFHQWUDWLRQVLJQDODVH[SUHVVHGLQ(T
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
ZKHUHFDQG6FDUHWKHJDVFRQFHQWUDWLRQDQGWKHVHQVRUVLJQDOUHVSHFWLYHO\
6LPXODWLRQRIDJDVVHQVRUDUUD\
4XDQWLWDWLYHDQDO\VLVZLWK,*0VRIWZDUH
7KH SXUSRVH RI WKH XVH RI JDV VHQVRU DUUD\V LV WKH H[SORLWDWLRQPXWXDO FURVVVHQVLWLYLWLHV IRU WKH
LPSURYHPHQWRIWKHZKROHUHVXOW%\H[LVWLQJVHQVRUDUUD\VRQO\WKHPDLQVHQVLWLYLWLHVRIWKHVHQVRUV
DUH RIWHQ FRQVXOWHG IRU WKH FDOFXODWLRQ RI WKH JDV FRQFHQWUDWLRQ:LWK WKHPDWUL[PHWKRG WKH FURVV
VHQVLWLYLWLHV RI WKH VHQVRUV FDQ EH XVHG IRU WKH DFFXUDWH FRQFHQWUDWLRQ GHWHUPLQDWLRQ RI WKH PDLQ
VHQVLWLYLWLHVDQGFRQVHTXHQWO\IRUWKHLPSURYHPHQWRIWKHVLPXODWLRQUHVXOWVVHHVHFWLRQ8VLQJWKH
PRGHOGHVFULEHGE\(T ZHGHWHUPLQHGZLWKDQDUUD\RI ILYHVHQVRUV WKHFRQFHQWUDWLRQVRI&+
1++&2DQG&+2+DVVKRZQLQ)LJ7DEOHVKRZVWKHLQYROYHGVHQVRUVDQGWKHUHVSHFWLYH
FURVVDQGPDLQVHQVLWLYLW\
7DEOH*DVVHQVRUVRIWKHVLPXODWHGDUUD\DQGWKHLUFURVVDQGPDLQVHQVLWLYLW\V\PEROGHQRWHV
PDLQVHQVLWLYLW\DQGGHQRWHVFURVVVHQVLWLYLW\
 &+ 1+ + &2 &+2+
867     
867     
867     
867     
),663     
6HQVRUV 

7KH PRGHOV RI WKH LQGLYLGXDO VHQVRUV ZHUH FUHDWHG EDVHG RQ VLQJOH JDV DQG JDV PL[WXUH
PHDVXUHPHQWV7KHJDVVHQVRUVZHUHPHDVXUHGIRUHDFKLQGLYLGXDOJDVDQGWKHJDVFRQFHQWUDWLRQZDV
YDULHGIURPWRSSPPHDVXUHGIRXUWLPHVDWSSP$OHDVWVTXDUHVPHWKRGILW
RI PHDVXUHG GDWD ZDV XVHG IRU GHWHUPLQLQJ WKH YDOXHV RI FRHIILFLHQWV :LWK WKH KHOS RI WKHVH
GHWHUPLQHGFRHIILFLHQWVDQGWKHFUHDWHGPRGHOV WKHPDWUL[URZVDUHIRUPXODWHGZKLFKDUHFRQYHUWHG
LQWR&FRGHIRUWKHVLPXODWLRQ
6HQVRUV
VLJQDOVRIVHQVRUV
&+
&2
&+ 2+ 
+
1+
JDVFRQFHQWUDWLRQV
VWDWXVPHVVHDJHV

)LJXUH6LPXODWLRQRIWKHILYHVHPLFRQGXFWRUJDVVHQVRUDUUD\ZLWKWKH,*0VRIWZDUHIRUTXDOLWDWLYH
DQDO\VLV7KHVHQVRUVDQG63DUHPDLQVHQVLWLYHWR&+1++&2DQG
&+2+UHVSHFWLYHO\*DVFRQFHQWUDWLRQVDUHFDOFXODWHGIURPVLJQDOVLQ)LJXQGHUFRQVLGHUDWLRQRI
WKHFURVVVHQVLWLYLWLHVVZLWFKHGRQE\PHDQVRIWKHIODJVI
)LJVKRZV WKHVLPXODWHGJDVVHQVRUDUUD\7KHHQWLUHGLVSOD\DUHDRI WKHVFUHHQ LVGLYLGHG LQWR
VHYHUDOZLQGRZV7KHFRQILJXUDWLRQRIWKHGLDJUDPVDQGWKHUHDGRXWVIRUFKHFNYDOXHVWDNHVSODFHLQ
WKH ODUJHVW ZLQGRZ 0HVVDJHV DERXW WKH JDVVHV LQYROYHG PHDVXULQJ VLWXDWLRQ SRVVLEOH PHDVXULQJ
HUURUVJDVFRQFHQWUDWLRQVDQGZHLJKWVDUHGLVSOD\HGIURPWKHVHQVRURSHUDWLQJV\VWHPLQWKHZLQGRZ
ÄVWDWXVPHVVDJHV³6LQFHZHGRQRWKDYHWKHKDUGZDUHIRUWKHEXLOGXSDQGWHVWRIWKHJDVVHQVRUDUUD\
ZLWKZKLFKWKHVLJQDOVFDQEHTXHULHGWKHVHQVRULQSXWVLJQDOVDUHWKHRUHWLFDOO\ÄVLPXODWHG³DQGZHUH
JHQHUDWHG ZLWK WKH KHOS RI WKH SURJUDP 0LFURVRIW ([FHO DQG VWRUHG LQ WKH UHVSHFWLYH ILOHV
VHQVRUQDPHGDWILOHV
)LJ  VKRZV WKH LQSXW VLJQDOV IRU WKH JDV VHQVRU DUUD\ 'LIIHUHQW LQSXW VLJQDO SURILOHV ZHUH
FRQVLGHUHGHJULVLQJRUVORSLQJFKDUDFWHULVWLFFXUYHVDQGDFRPELQDWLRQRIERWK7KHXVHGVHQVRUVDUH
GLIIHUHQWO\VWURQJO\PDLQDQGFURVVVHQVLWLYHWRWKHJDVHVDQGWKHUHIRUH WKHFDOFXODWHGUHVSHFWLYHJDV
FRQFHQWUDWLRQVDUHGLIIHUHQWO\FRUUHFWHGE\WKHFURVVVHQVLWLYLWLHV:KLOHWKHJDVVHQVRUVDQG
H[KLELW YHU\ VWURQJ FURVVVHQVLWLYLWLHV WR WKH JDVHV+ DQG&+2+ UHVSHFWLYHO\ WKH VHQVRUV 
DQG63VKRZUDWKHUZHDNFURVVVHQVLWLYLWLHVWRWKHLUÄFURVVJDVHV³7KHUHIRUHWKHVHQVRUDUUD\
LVVWURQJO\LQIOXHQFHGE\WKHJDVHV+DQG&+2+DQGWKXVKLJKJDVFRQFHQWUDWLRQVRIWKHJDVHV&+
DQG&2DUHHVWLPDWHG
6HQVRUV 

    





    





    




    




    




6HQVRU867
6
F
WLPHVHF
6HQVRU867
6
F
6HQVRU867
6
F
6HQVRU867
6
F
6HQVRU),663
6
F

)LJXUH  6LPXODWHG LQSXW VLJQDO SURILOHV RI WKH ILYH JDV VHQVRU DUUD\ 7KHVH VLJQDOV DUH XVHG WR
FDOFXODWHWKHPDLQJDVFRQFHQWUDWLRQV7KHFURVVVHQVLWLYLWLHVDUHJDVFRQFHQWUDWLRQVIURPWKHSUHYLRXV
LWHUDWLRQVWHS
7KHFDOFXODWHGJDVFRQFHQWUDWLRQRI WKHJDVHV LQYROYHG OLH LQ WKHEHKDYLRXUDUHDRI WKH LQGLYLGXDO
VHQVRUV7KHWDVNRIWKHSODXVLELOLW\FKHFNVXSHUYLVRULVLWWRHYDOXDWHWKHUHOLDELOLW\RIWKHPHDVXUHG
YDOXHV DQG WKH TXDOLW\ FRQGLWLRQ RI WKH VHQVRUV LQYROYHG GXH WR WKH VHQVRU VLJQDOV DQG WKH JDV
FRQFHQWUDWLRQVFDOFXODWHGE\ WKHHVWLPDWLRQFRPSRQHQW PDWUL[DOJRULWKPDVZHOODVXVLQJRI VWRUHG
ÄH[SHUWNQRZOHGJH³DERXWWKHVHQVRUVDQGWKHUHVSHFWLYHPHDVXULQJVFHQDULR7KHDUHDVRIPHDQLQJIXO
JDVFRQFHQWUDWLRQVGRQRWKDYHVKDUSERXQGDU\VRWKDWDVLPSOHDUHDFRQWUROLVQRWVXIILFLHQW
7KHUHIRUH WKHDUHDVRI WKHPHDVXUHGYDOXHVDQGJDVFRQFHQWUDWLRQV WREHH[SHFWHGDUHGHILQHGDV
IX]]\ LQWHUYDOV )X]]\ VHWV DUH UHSUHVHQWHG E\ PHPEHUVKLS IXQFWLRQ HJ E\ WUDSH]LXP IXQFWLRQ DV
VKRZQLQWKH(T)LJVKRZVWKHVKDSHRIWKHWUDSH]LXPIXQFWLRQ

)LJXUH6KDSHRI WKHWUDSH]LXPIXQFWLRQRIDIX]]\VHW)RU WKHSODXVLELOLW\FKHFNWKHJUDGHRI WKH
PHPEHUVKLS RI WKH PHDVXUHG YDOXH LQ WKH FXUUHQW IX]]\ SODXVLELOLW\ LQWHUYDO LV D PHDVXUH IRU WKH
UHOLDELOLW\RIWKHYDOXH
6HQVRUV 
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7KHJUDGHRI WKHPHPEHUVKLSRI WKHPHDVXUHGYDOXH LQ WKHFXUUHQW IX]]\SODXVLELOLW\ LQWHUYDO LVD
PHDVXUHIRUWKHUHOLDELOLW\RIWKHYDOXH,QWKHFRUHDUHDRIWKHUHVSHFWLYHLQWHUYDOWKLVYDOXHLVLH
WKLVUHVXOWLVFRPSOHWHO\LQWKHH[SHFWHGDUHDDQGDWWKHERUGHUDUHDLWFRQWLQXRXVGURSVXSWRWKHYDOXH
WRLQWHUSUHWDVWKLVUHVXOWLVFRPSOHWHO\LPSODXVLEOH7KHTXDOLW\YDOXHGHWHUPLQHGFDQEHXVHGWKHQ
WRZHLJKWWKHUHVXOWFRPELQHGZLWKLWLQWKHIXUWKHUSURFHVVLQJDFFRUGLQJWRLWVUHOLDELOLW\7KHTXDOLW\
RIDVHQVRUDQGWKHPHDVXUHGDQGFDOFXODWHGYDOXHDUHQRWVWDWLFEXWDUHVXEMHFWWRWHPSRUDOG\QDPLFV
7KHWHPSRUDOFKDQJHRIWKHVLWXDWLRQRIWKHPHDVXUHGYDOXHVLQWKHSODXVLELOLW\LQWHUYDOVDQGWKHVSHHG
RIWKLVFKDQJHFDQVHUYHDVDEDVLVIRUK\SRWKHVHVDQGSURJQRVHVZLWKUHVSHFWWRWKHGHYHORSPHQWRIWKH
VHQVRUTXDOLW\
4XDOLWDWLYHDQDO\VLVZLWK3ULQFLSDO&RPSRQHQW$QDO\VLV3&$
3ULQFLSDO&RPSRQHQW$QDO\VLV3&$LVWKHQDPHIRUDPHWKRGRIPDWKHPDWLFDOVWDWLVWLFVWRH[WUDFW
WKH LQWHUHVWLQJ SDUW RI WKH LQIRUPDWLRQ RI D VHQVRU DUUD\ DQG WR IRUJHW WKH UHGXQGDQW SDUW RI WKH
LQIRUPDWLRQ 7KHPHWKRG SUHVHQWHG KHUH LV GHYHORSHG E\ ($'6&RPSDQ\ %\PHDQV RI WKH 3&$
DQDO\VLV RIWHQ  RI WKH LQIRUPDWLRQ IURP D ODUJH VHQVRU DUUD\ FDQ EH UHSUHVHQWHG LQ D WZR
GLPHQVLRQDO GLDJUDP 0DWKHPDWLFDOO\ WKH 3&$ DQDO\VLV DFFRPSOLVKHV D QHDW FRRUGLQDWH
WUDQVIRUPDWLRQLQWKHQGLPHQVLRQDOGDWDDUHDQWKHQXPEHURIVHQVRUV)LUVWRIWKHQHZFRRUGLQDWHV
3ULQFLSDO&RPSRQHQWLVSXWLQVXFKDZD\WKDWWKHPDLQSDUWRIWKHYDULDWLRQRIWKHVHQVRUVLJQDOV
OLHVDORQJWKLVD[LV7KHVHFRQGFRRUGLQDWHRUWKRJRQDOWRWKHILUVWLVSXWLQVXFKDZD\WKDWDVPXFKDV
SRVVLEOHYDULDWLRQVWLOOOLHVDORQJWKLVD[LV
)RUWKHJDVFODVVLILFDWLRQE\PHDQVRIWKH3&$DQDO\VLVWKHFRQFHQWUDWLRQVRIWKHJDVHV&+1+
+&2DQG&+2+HVWLPDWHGE\WKH,*0VRIWZDUHDUHXVHGIRUWKHFDOFXODWLRQRIWKHVHQVLWLYLWLHVRI
WKH LQYROYHG VHQVRUV )URP WKH VHQVLWLYLWLHV D GDWD PDWUL[ LV JHQHUDWHG ZLWK ZKLFK WKH SULQFLSDO
FRPSRQHQWV DUH WKHQ FDOFXODWHG )LJ  VKRZV D JRRG VHSDUDWLRQ RI WKH JDVHV GHWHFWHG E\ WKH ILYH
VHQVRUDUUD\(DFKJDVLVSUHVHQWZLWKGLIIHUHQWFRQFHQWUDWLRQV6LQFHHDFKRIWKHILYHJDVHVWDNHVD
GLIIHUHQWGLUHFWLRQDJRRGVHSDUDWLRQLVSRVVLEOH
:LWKWKHORDGLQJVRIWKHSULQFLSDOFRPSRQHQWVLWLVSRVVLEOHWRILQGRXWZKLFKVHQVRURIWKHVHQVRU
DUUD\LVEHVWVXLWDEOHIRUWKHGLVFULPLQDWLRQRIWKHJDVHV:KHQWKHVHQVLWLYLWLHVRIWKHVHQVRUVDUHQRW
ODUJHHQRXJK WKHQ LW LVSRVVLEOH WKDW WKHJDVHVDUHQRWGLVFULPLQDWHGFRUUHFWO\ZKLFKPHDQV WKDW WKH
VHQVRUVDUHWRRVLPLODULQWKHLUFURVVVHQVLWLYLWLHV

6HQVRUV 


)LJXUH  5HVXOWV RI 3&$DQDO\VLV XVLQJ WKH ILYH VHPLFRQGXFWRU JDV VHQVRUV IRU WKH TXDOLWDWLYH
FODVVLILFDWLRQRIWKHJDVHV&+1++&2DQG&+2+
'DWDEDVHIRUWKHFRQILJXUDWLRQRIJDVVHQVRUDUUD\V
$VHQVRUGDWDEDVHZDVGHYHORSHGZKLFKFRQVWUXFWVRQDEDVLVRIVHPLFRQGXFWRUVHQVRUVRI
GLIIHUHQWPDQXIDFWXUHUV7KHVHZHUHPRGHOOHGE\GDWDVKHHWVDQGLQWHJUDWHG LQWR WKHGDWDEDVH:LWK
WKLVGDWDEDVHDQGWKHVRIWZDUHFRPSRQHQWV,*0DQG3&$RQHFDQJHQHUDWHVFHQDULRVIRUDSSOLFDWLRQV
FRQILJXUHVHQVRUDUUD\V IRU VXFKDVFHQDULRDQGSURYH WKHLU IXQFWLRQZLWK WKHVLPXODWLRQVRIWZDUHDV
VKRZQLQ)LJ

)LJXUH6RIWZDUHWRROIRUWKHFRQILJXUDWLRQDQGVLPXODWLRQRIJDVVHQVRUDUUD\V
6HQVRUV 

7KH GDWD EDVH FRQVLVWV RI H[WHQVLYH LQWHUQDO WDEOHV ZKLFK FRQWDLQ LQIRUPDWLRQ IRU WKH VHDUFK
VHOHFWLRQDQGFRQILJXUDWLRQRIVHQVRUVDQGVFHQDULRV)XUWKHUPRUHWKHPRGHOHTXDWLRQVIRUWKHPDWUL[
URZV DQG FKDQJHV RI WKH VRXUFH FRGH ILOHV FDQ EH PDQDJHG DQG FUHDWHG E\ WKH GDWD EDVH )RU WKH
FRQILJXUDWLRQRID VHQVRUDUUD\RQHFDQHQWHUD VFHQDULRDQG WKH V\VWHPVHDUFKHV IRU VHQVRUV IRU WKH
VFHQDULRXVHGDQGVXJJHVWVDVHQVRUDUUD\ZKLFKFDQSRVVLEO\EHXVHG)RUWKLVVHQVRUDUUD\WKHV\VWHP
JHQHUDWHVIURPLWVGDWDEDVHWKHPDWUL[URZVZKLFKDUHXVHGIRUWKHHYDOXDWLRQRIWKHVHQVRUVLJQDOVRI
WKHDUUD\DQGWKXVWKHFRQFHQWUDWLRQVRIWKHJDVHVLQYROYHGDUHFRPSXWHG,QWKHQH[WVWHSWKHSXUFKDVH
OLVWIRUWKHVHQVRUVDQGWKHDOJRULWKPFDQEHXVHGLQRUGHUWRDFWXDOO\EXLOGWKHDUUD\LQFRPELQDWLRQ
ZLWKDRIIWKHVKHOIPLFURSURFHVVRUIRUWKHVLJQDOHYDOXDWLRQ
:LWKWKHLPSOHPHQWHGNQRZOHGJHEDVHE\WKHGDWDEDVHDQGWKH,*0VLPXODWLRQVRIWZDUHDEURDG
ILHOGIRUVSHFLDODSSOLFDWLRQVRSHQVIRUWKHV\VWHPZKLFKFDQEHXVHGE\DQHQJLQHHU
VRIILFH
:LWK WKH FRPELQDWLRQ RI WKH ,*0VRIWZDUHZKLFK FDQ GHWHUPLQH JDV FRQFHQWUDWLRQV RI D VHQVRU
DUUD\DQGWKH3&$DQDO\VLVZKLFKFDQPDNHSRVVLEOHDTXDOLWDWLYHGLVFULPLQDWLRQEHWZHHQWKHJDVHV
UHFRJQL]HGE\ WKHDUUD\ WKHXVHUFDQRSWLPLVHJDVVHQVRUDUUD\V IRU LWVDSSOLFDWLRQVDW WKHFRPSXWHU
EHIRUHKHDSSOLHVWKHUHWRWKHDSSURSULDWHKDUGZDUH$QRQOLQH:HEEDVHGYHUVLRQRIWKHGDWDEDVHDQG
WKH VLPXODWLRQ VRIWZDUH ZDV GHVLJQHG ZLWK ZKLFK VHQVRU DUUD\V FDQ EH RSWLPLVHG IRU VSHFLDO
DSSOLFDWLRQVEHIRUHWKH\DUHDFWXDOO\EXLOGZLWKWKHDSSURSULDWHKDUGZDUH
&RQFOXVLRQV
$ PRGXODU PHWKRG RI PRGHOOLQJ JDV VHQVRU DUUD\V ZDV SUHVHQWHG 7KH PDWUL[ PHWKRG XVHV
IXQFWLRQDOLWLHV WKDW FDOFXODWH JDV FRQFHQWUDWLRQV IURP WKH VLJQDOV RI D VHQVRU DUUD\ )RU HDFK VHQVRU
SUHVHQW WKHUH LV D IXQFWLRQ WKDW KDV DV LQSXW WKH VHQVRU VLJQDO RI WKLV VHQVRU DQG DV RXWSXW WKH JDV
FRQFHQWUDWLRQRI WKDWJDV WRZKLFK WKHVHQVRU LVPDLQVHQVLWLYH7KHVHQVRU UHVSRQVHHTXDWLRQVKDYH
EHHQGHYHORSHGXVLQJWKHORJDULWKPLFPRGHOZLWKWZRFRHIILFLHQWV
$ VHQVRU DUUD\ RI ILYH VHPLFRQGXFWRU JDV VHQVRUV ZDV PRGHOOHG ZLWK WKLV PHWKRG IRU WKH
GHWHUPLQDWLRQRIWKHFRQFHQWUDWLRQRIJDVHV&+1++&2DQG&+2+)RUWKHVLPXODWLRQRIWKLV
JDVVHQVRUDUUD\WKH,*0VRIWZDUHZDVXVHG7KH,*0VRIWZDUHFDQFRQILJXUHDQGVLPXODWHZLWKLWV
PRGXODU VWUXFWXUH VXFK DQ DUUD\)RU WKH FDOFXODWLRQRI WKHJDV FRQFHQWUDWLRQV WKHPRGXOH HYDOXDWRU
ZDV SURYLGHG DQG WKH PRGXOH VXSHUYLVRU WDNHV RYHU WDVNV RI SODXVLELOLW\ FKHFN IRU WKH PHDVXULQJ
VFHQDULR7KHTXDOLWDWLYHDQDO\VLVRIWKHVHQVRUDUUD\VVLPXODWHGLVGRQHXVLQJD3&$DQDO\VLV
$JDV VHQVRUGDWDEDVHZDVEXLOG IRU WKHFRQILJXUDWLRQRI WKH VRIWZDUH:LWK WKHJDV VHQVRUGDWD
EDVHDQGWKHVRIWZDUHFRPSRQHQWVRI,*0DQG3&$DVRIWZDUHWRROZDVGHYHORSHGWKDWLVVXLWDEOHIRU
TXDQWLWDWLYHDQGTXDOLWDWLYHDQDO\VLV7KHILHOGRIWKHXVHRIWKLVWRRODSSHDUVWREHYHU\EURDG,WFDQEH
XVHGZKHQHYHUWKHUHLVDQHHGWRGLVFULPLQDWHEHWZHHQGLIIHUHQWJDVHVRUZKHQHYHUWKHUHLVDQHHGWR
GHWHUPLQHFRQFHQWUDWLRQV
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\WKH*HUPDQ)HGHUDO0LQLVWU\IRUHGXFDWLRQDQGUHVHDUFK%0%)JUDQW
69Ä,(66,&$³8PZHOWVHQVRUWHFKQLN*HVFKZHQGD/WGDQG($'6*HUPDQ\/WGZKLFKDUH
JUDWHIXOO\DFNQRZOHGJHG
6HQVRUV 

5HIHUHQFHV
 :HEE6WDWLVWLFDO3DWWHUQ5HFRJQLWLRQ$UQROG/RQGRQ*UHDW%ULWDLQ
 +DKQ 6 )UDQN0:HLPDU 8 5DQFLGLW\ LQYHVWLJDWLRQ RQ ROLYH RLO $ FRPSDULVRQ RIPXOWLSOH
KHDGVSDFH DQDO\VLV XVLQJ DQ HOHFWURQLF QRVH DQG*&06 LQ 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO
6\PSRVLXPRQ2OIDFWLRQDQG(OHFWURQLF1RVH,62(1
 'L1DWDOH&0DFDJQDQR$0DUWLQHOOL(3DROHVVH53URLHWWL('¶$PLFR$7KHHYDOXDWLRQ
RI TXDOLW\ RI SRVWKDUYHVW RUDQJHV DQG DSSOHV E\PHDQV RI DQ HOHFWURQLF QRVH 6HQV$FWXDWRUV%

 *XDGDUUDPD$ 5RGULJXH]0HQGH]0/ GH 6DMD -$&RQGXFWLQJ SRO\PHUEDVHG DUUD\ IRU WKH
GLVFULPLQDWLRQRIRGRXUV IURPWULPSODVWLFPDWHULDOVXVHG LQDXWRPRELOHV$QDO&KLP$FWD

 ,RQHVFX 5 /OREHW ( %UH]PHV - 9LODQRYD ; &RUUHLJ ; 'HDOLQJ ZLWK KXPLGLW\ LQ WKH
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